I. The efficiency of production and utilization of vitamin BIZ was studied with sheep given a cobalt-deficient diet with and without supplementary Co (I mg/d). Vitamin B,, to lignin ratios in rumen contents were used to estimate minimum rates of production and these were related to faecal and urinary excretion. Tissue distribution and excretion of vitamin Blz were studied with [58Co]cyanocobalamin and ~'-deoxyadenosyl[60Co]cobalamin.
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RESULTS
Faecal and urinary excretion of 6oCo. A 6-year-old ewe (no. 110) was fed on the Codeficient diet supplemented with Co for 7 months, after which Co treatment was discontinued. The final supplement of I mg c o contained 0.2 mCi 6oCo and was introduced direct into the rumen through a fistula. Faecal and urinary excretion of 'j0Co for the following 14 d are shown in Fig. I . Food intake over this period averaged 1016 g/d. Distribution of vitamin B,, activity in rumen contents. Table I shows the results of two experiments in which vitamin B,, distribution was measured. I n the first experiment (sample A) an animal on dry summer pasture containing adequate Co (0.15 ,ug Co/g (dry)) was killed and a portion of whole rumen contents strained under gravity through cheese-cloth. A little over 40% of the weight of the sample passed freely through, and this and the residual wet fibrous matter were assayed with L. leichmanii for vitamin B,, activity, as was the initial sample. The fluid fraction contained only 4 yo of the vitamin B,, activity, and, even on the assumption that all the residual water in the wet residue contained vitamin B,, activity at the same level, less than 10 yo Degradation of cyanocobalamin introduced into the rumen. An animal (no. 9047) was fed on the Co-deficient diet until it was severely deficient of vitamin B,, and was then treated orally with 500 pg cyanocobalamin/d. The response is shown in Fig. 2 C.
Treatment was stopped after 4 months, and 7 weeks later the vitamin B,, reserves created by this treatment had been depleted to the point where appetite again failed. Although the daily drench of 500 pg cyanocobalamin permitted absorption of sufficient vitamin B,, for the animal's needs, little remained for storage. Using the values of Marston (1970) for prophylactic doses of injected cyanocobalamin on this diet, one may calculate that absorption probably lay between 6 pg and 12 pgld, or between I % and 3 yo of the dose.
Degradation of cyanocobalamin in the rumen was detected in samples of rumen contents taken through a fistula at intervals for 24 h after the first dose. This dose was introduced directly into the rumen and the animal was starved for 24 h. The ratios of vitamin B,, activity to lignin for the four assay procedures are shown in Fig. 2A , and in Fig. 2B 1967) have shown that the rate of turn-over of water through the rumen is faster than that of fibrous solids. The latter error applies to all measurements reported but is probably small. Table I shows that vitamin B,, is fairly closely associated with lignin-bearing solids in the rumen and suggests that lignin is a reasonably appropriate marker in terms of distribution. In both instances simultaneous synthesis of other cobamides may be inferred from Table  2 where the ratios to Ochromonas vitamin B,, of the activity for the other test organisms may be calculated and shown to be maintained. I n Characteristic differences occurred not only between animals with and without Co (I mg/d) on the Co-deficient diet, but also between Co-treated animals and grazing animals on sound pastures. Some of these features were noted by Hine & Dawbarn Rumen contents of Co-deficient animals were characterized by low activities of vitamin B,, measured by all methods. The Co-treated animals showed a high net E. coli (plate) activity, and although this was not significantly higher than that in grazing animals, the ratio net E. coli (plate) to Ochromonas was significantly higher than that in either Co-deficient or pasture-fed animals. The high activity for Ochromonas in rumen contents of pasture-fed animals, although not significantly greater than that in Cotreated animals, contributed to the significantly lower ratios net E. coli (plate) to ('954). (Smith & Marston, 1970) . After 8 weeks, when food intake was 330 g/d, samples of rumen contents were taken and faeces and urine collected daily from the following day for 14 d. Further samples of rumen contents were taken on the 15th day. The mean value of the vitamin B,, to lignin ratio in the rumen contents was used to estimate ruminal vitamin B,, production over the 14 d collection period, and faecal and urinary excretion of vitamin B,, was determined from pooled samples of the excreta (Dawbarn & Hine, 1955) . The wheaten hay-chaff used contained 11.0% lignin and 0.04 pg Co/g, both on a dry-weight basis.
Results are shown in Tables 4 and 5. In the deficient animal, daily faecal excretion of vitamin B,, was greater than estimated ruminal production, but both quantities were small. In the Co-treated animal, faecal excretion of vitamin B,, was somewhat less than the minimum estimated ruminal production. I n both instances urinary excretion of vitamin B,, was small.
Production of vitamin B,, in relation to soluble Co concentration in the rumen. A 5-year-old ewe (no. 110) was stabilized for several months at full food intake with supplementary Co before Co was withdrawn. For several days before the final Co supplement, samples of rumen contents were taken 4 h after feeding for estimation of Co, lignin and vitamin BIZ. The final supplement (I mg Co) contained 1.0 mCi 6OCo and was introduced direct into the rumen at the time of feeding. Samples of rumen contents were taken 4 h later and then daily for 8 d 4 h after feeding. Immediately after taking each of these samples a sample of rumen fluid was withdrawn with a syringe and centrifuged for 30 min at oo and 13 ooo g. The supernatant fluid was essentially free from micro-organisms and was used to estimate 6oCo and dry matter.
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The samples of whole rumen contents were analysed for total Co, 60Co, dry matter, lignin and Ochromonas vitamin BIZ.
The measured water content of the two kinds of sample together with the lignin concentrations in whole rumen contents allowed the 6oCo values to be expressed as 6oCo to lignin ratios for each. On this basis the rate of decline of 6oCo with time was found to be accurately exponential in both (except for the first supernatant sample taken 4 h after 60Co was given). The half-time for decline of 6oCo in the supernatant fraction (20.9 h) was somewhat longer than that in whole rumen contents (17-5 h) and in consequence, although only 1.2% of the 'j0Co was present in the supernatant fraction 28 h after the dose, 8 d later the amount had risen to 3%. This may have been due to a greater proportion of the supernatant 6oCo being present as cobamides as the Co concentration fell. These may not have been so tightly bound by the micro-I970 organisms as was ionic Co. I n the first sample (4 h), 3 yo of the 'j0Co in whole rumen contents was in the supernatant fraction. Under somewhat similar conditions Tosic & Mitchell (1948) found about 20 % of administered Co in the supernatant fraction 10 h after feeding. The concentration of Co in the supernatant fraction was calculated from the 6oCo content by assuming the specific activity (pCi 'j0Co/,ug Co) to be the same as that measured in corresponding samples of whole rumen contents. These values, expressed as pg Co/g water, are shown in Fig. 5, together with the values for vitamin B,, and total Co in whole rumen contents expressed as ratios to lignin. Although both total Co and supernatant Co fell rapidly after the final dose, vitamin B,, concentrations did not fall until 2 d later when supernatant Co was less than 0.5 ng/ml and total Co less than 20 ng/g of wet rumen contents. The final concentration of Co in the depleted rumen at 8 d was steady at less than 0.2 ng/ml in the supernatant fraction and about 5 ng/g wet rumen contents (the value for the supernatant fraction was previously reported incorrectly as 20 pg/ml; Marston, Allen & Smith, 1961). The Co content of the chaff used was 0.53 ,ug Co/g lignin and this value was approached in the depleted rumen.
Time (d)
Calculated from daily lignin intakes, the estimated minimum rate of production of vitamin B,, in this experiment fell from 730 pg/d when Co was given to I 10 pg/d 8 d after it was withdrawn.
E$ciency of conversion of Co into vitamin B,, in the rumen.
From the Co to lignin and vitamin B,, to lignin ratios in whole rumen contents (Fig. 5) the fraction of the total Co present as vitamin B,, (cobalamins) may be calculated. These values are shown in Fig. 6 as a function of the Co to lignin ratio. Although the errors in this estimation became considerable at low Co concentrations, the efficiency of conversion of Co into vitamin B,, was obviously higher when Co was depleted. Table 5 . In the vitamin B,,-deficient animals the severity of the deficiency is indicated by food intake which had fallen from about 940 g (dry)/d. I n Expts 5 and 6, both animals were restricted to the food intakes shown, and in periods without Co these animals were not seriously depleted of vitamin B,, in the tissues (Smith & Marston, 1970) . Also reported by Dawbarn & Hine (1955) and shown in Table 5 are faecal and urinary excretion of vitamin B,, by a severely deficient animal (no. 5009) before and after treatment with 500,ug cyanocobalamin/d by mouth. The animal responded to this treatment with increased food intake and body-weight gains, but when the treatment was withdrawn after 9 months it immediately relapsed and had evidently retained barely sufficient vitamin B,, for its daily needs. Steady levels of excretion were attained by the 5th day, and the means of the values 6 , 1 3 and 32 d after treatment was begun are given in Table 5 . If the requirement of injected cyanocobalamin is about Daily measurements of faecal and urinary 5 8 C~ showed that during the 21 d 19.9 yo of the labelled vitamin B,, was excreted in the faeces and 13'3% in the urine. I n a previous similar experiment lasting for 7 d (animal no. 377), 7.2% of the injected Vol. 24 Vitamin B,, production in sheep 873 label appeared in the faeces and 8.4 % in the urine. Net retention of injected vitamin B1, by the tissues of deficient animals was therefore high, but the distribution of excreted vitamin B1, between faeces and urine was similar to that of repleted animals (Table 5 ). The distribution of labelled vitamin B,, in tissues and alimentary tract contents of animal 830 was determined at slaughter. Immediately after death the small and large intestines were ligated in sections and the contents of each section gently extruded and collected. The contents of the remainder of the alimentary tract were separated and collected without ligation. After extrusion of contents, the sections of gut were rinsed out with isotonic saline and retained for analysis. Table 6 shows the results for alimentary tract contents on a dry-weight basis and for tissues on a wet-weight basis. 10th day of treatment and body-weight to 30 kg. Samples of tissues and alimentary tract contents were collected at slaughter as before and in addition a sample of liver was chilled and homogenized in 0.25 M-sucrose for centrifugal separation of intracellular components (Smith, Osborne-White & Russell, 1965) . Table 7 shows the distribution of labelled cobalamins in tissues and tract contents, and Table 8 shows the distribution in the liver homogenate. At the end of the 10 d period 5-7 % of the injected labelled material had been excreted in the faeces and 2.5 % in the urine. The liver retained 25.6 yo of the injected coenzyme, and a large proportion of this (52 % of the activity of the nuclear-free homogenate) was firmly retained within the mitochondria. There was no evidence of accumulation by microsomes. The nuclear fraction had a lower activity relative to nitrogen than did the whole homogenate and although this fraction was heavily contaminated with unbroken cells and cell debris, it is concluded that did not accumulate in the nuclei.
D I S C U S S I O N
With animals receiving I mg Co/d on full or near-full feed, the six estimates of minimum production rates of vitamin B,, ranged from 410 to 73opg/d, the lower values corresponding in general to high rates of feeding during the 4 h before sampling.
These values represent a range of minimum efficiencies of conversion of Co into vitamin B,, from 1'7% to 3.1 yo based on total daily Co intakes. From Fig. 6 the fraction of ruminal Co present as vitamin B,, under these conditions was about 3 %.
The agreement between this value and the highest of the estimated minimum efficiencies provides the basis for an assessment of ruminal vitamin B,, production at about VOl. 24 Vitamin B,, production in sheep 875 700 ,ug/d. In the single ewe studied at low food intake (Table 4) , the same Co supplement produced a similar vitamin B,, to lignin ratio in rumen contents, suggesting that vitamin B,, production was limited by food intake rather than by Co at this level. The rough correlation between food intake and daily faecal excretion of vitamin B,, in animals receiving Co (Table 5 ) supports this contention.
I n the Co-depleted rumen the minimum estimates of vitamin B,, production ranged from 46 to I 10 ,ug/d on full feed, the variation depending in part on the Co content of the diet. Based on dietary Co intakes, the corresponding efficiencies ranged from 5 % to 18% (mean 12%), and from Fig. 6 the fraction of Co present as vitamin B,, in rumen contents was about 15%. From these values the efficiency of conversion of dietary Co into vitamin B,, with the feed used is assessed at 1 3 f 5 yo, and this did not appear to be altered at low food intake.
The efficiency of production of vitamin B,, from Co was undoubtedly affected by the nature of the diet. Measured by microbiological assay, rumen contents from pasturefed animals contained a significantly greater proportion of their total vitamin BIZ activity as cobalamins than did animals on the experimental diet either with or without Co. This is consistent with the electrophoretic results of Dawbarn et al. (1957) , but the high E. coli (plate) activity insanimals on the experimental diet supplemented with Co is unexplained. Of the cobamides and cobinamides known to be present in rumen contents (Porter, 1953 (Porter, , 1957 Marston, 1970 ) but cyanocobalamin in the rumen was fairly rapidly destroyed and little more than 20 % of the daily dose appeared in the faeces. From the E. coli (plate) response, Factor B appeared to be a major product of degradation of cyanocobalamin in the rumen, and the virtual absence of Factor B from rumen contents of pasture-fed or Co-treated animals (Dawbarn et al. 1957) suggests that bacterially bound vitamin B,, in the rumen may not be so readily degraded. This is particularly apparent in pasture-fed animals where high Ochromonas vitamin B,, levels were accompanied by relatively low net activities for the other test organisms.
Destruction of vitamin B,, produced from Co in the rumen cannot be reliably assessed from faecal excretion because of possible synthesis in the lower gut (Kercher & Smith, 1956 ), but daily faecal vitamin B,, in Co-treated animals was about half the estimated ruminal production. In the absence of supplementary Co, faecal excretion of vitamin B,, may have been affected in addition by a net loss of vitamin B,, from the tissues. In severely deficient animals at low food intake, mean daily faecal vitamin B,, represented 12 yo of dietary Co but in animals not depleted of tissue vitamin B,, this fraction was 2 1 yo and probably exceeded ruminal production. Destruction of ruminal vitamin B,, undoubtedly occurred during passage through the alimentary tract, but it may not have been as extensive as that of cyanocobalamin given by drench.
Absorptive efficiencies of vitamin B,, may be calculated for both Co-treated and Co-deficient animals. By extrapolation from liver storage of vitamin B,, in sheep on 876 R. M. SMITH AND H. R. MARSTON '970 graded doses of injected cyanocobalamin, Marston (1970) From the present estimate of ruminal production (700 pg/d), this represents an absorptive efficiency of about j %. For animals on a diet containing 0.03 p g Co/g (dry), the minimum prophylactic dose of injected cyanocobalamin was about 6 pg/d, and of oral Co was about 40 ,ug/d. On the assumption that 13 % of dietary Co was converted into vitamin B,,, the efficiency of absorption was again about 5 %.
Using these estimates, an assessment may now be made of the total requirements of sheep for vitamin B,, eithcr from the minimum requirement for Co (70 pg/d, Marston 1970) or from the minimum requirement for injected cyanocobalamin on a diet containing 0.03 pg Co/g (dry). The total requirement is assessed at about I I pgld.
The site of absorption of vitamin B,, appears to be the small intestine, as in other animals. Substantial amounts of labelled vitamin B,, were secreted into the duodenum and then reabsorbed throughout the length of the ileum. 'l'ransitorily high levels of vitamin B,, activity for Ochromonas or L. leichmanii have been reported in the small intestine of sheep (Hine & Dawbarn, 1954; Kcrcher & Smith, 1956) .
After injection of labelled cobalamins the specific activities (pCi/g (dry)) of tract contents immediately above and below the small intestine were about the same, indicating that most of the vitamin B,, secreted into the duodenum was reabsorbed. This is in marked contrast to the poor absorption of vitamin B,, coming from the rumen and presumably released from bacteria in the acid conditions of the abomasum (Table I ). The poor absorption of vitamin B,, coming from the rumen is unexplained but, in view of the high efficiency of reabsorption, it would not appear to be due to competition for intrinsic factor by other cobamides.
The distribution of IabelIed cobalamins in alimentary tract contents provides no evidence for absorption of vitamin B,, below the small intestine and shows that little injected vitamin B,, entered the rumen. The activities in bile in the two experiments were widely divergent and with injected S'-deoxyadenosyl [60Co]cobalamin the activity was much lower than that in the duodenum and upper ileum. No conclusions can be reached as to the means of secretion of vitamin B,, into the duodenum. The distribution in tissues of the two labelled cobalamins was similar and in general resembled that in other animals, with liver and kidneys the chief sites of retention (Reizenstein, 1959; Grasbeck, Ignatius, Jarnefelt, LindCn, Mali & Nyberg, 1961 ; Rosenblum, Reizenstein, Cronkite & Meriwether, 1963) . The relatively high amounts of labelled cyanocobalamin in kidneys may reflect the higher urinary excretion of this substance. Injected labelled 5'-deoxyadenosylcobalamin was strongly retained by the liver, and the distribution in liver cells was similar to that in rat liver (Newman, O'Brien, Spray & Witts, 1962) . A feature of interest is the relatively high activity found in the walls of the rumen. The epithelium of this tissue, like liver mitochondria, actively metabolizes propionate (Pennington & Sutherland, 19j6; Smith et al. 1965 ), a reaction sequence that involves 5'-deoxyadenosylcobalamin (Marston & Smith, I 961) .
It is probable that faeces, rather than urine, is normally the major vehicle of excretion of vitamin B,, released from the tissues (Dawbarn & Hine, 1955) Osborne-White for part of the analytical work; and to Mr R. Burns for care of the animals.
